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Abstract
This chapter focuses on Staphylococcus aureus (SA) infections in athletes. Previous SA 
infection studies performed starting in the 1980s examined close physical contact athletes, 
with a focus primarily on injured skin. However, more recent studies of skin SA trans-
mission in athletes were conducted using molecular epidemiology. When participants 
in sports having a greater duration of competition were examined, results indicated that 
there was prolonged contact between athletes on the same team and athletes from other 
teams. These findings demonstrate that effective measures for preventing SA infections 
are urgently needed. Factors that can affect skin SA infections include high rates of SA 
nasal colonization, the type of “position on a team,” repeated skin-to-skin contact, and 
perspiration that occurs during exercise in SA nasal carriers. Thus, it should be possible 
to utilize molecular typing methods to assess skin-to-skin contact in athletes. This study 
summarizes the current understanding of SA infections in athletes. In order to develop 
preventive strategies, it will be necessary to further elucidate the predisposing factors 
and mechanisms behind SA infections and the subsequent transmission in athletes.
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1. Introduction
Staphylococcus aureus (SA) infections and its transmission among athletes have long been of 
interest to sports medicine scientists. SA is very well adapted to colonize the human skin, 
as the human body provides major ecological niches for the species. Although originally 
thought to be a nosocomial pathogen, it has become a rapidly emerging, problematic infection 
in athletes [1]. When outbreaks occur, the infection is spread through repeated skin-to-skin 
contact, especially due to physical contact between the broken skin of players during games 
and practices. In addition, sharing contaminated equipment [2], turf burns, and shaving [3] 
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also contribute to the high incidence of infection among athletes. A review of past studies of 
SA infections in athletes suggested that the risk factors associated with the outbreaks could 
be classified into three categories (Figure 1). These include direct contact (which refers to 
“contact sports” where physical contact between players is an acceptable part of the sport), 
nosocomial infections, and skin wounds. The infections that occur during these outbreaks 
can also disrupt or potentially eliminate the opportunity for a team to compete at the highest 
level of their sport. Furthermore, outbreaks of infectious diseases can additionally spread 
to the player’s social contacts and propagate within their communities [4, 5]. However, 
the association between direct physical contact and the SA transmission has yet to be fully 
understood.
The primary goal of the review presented in this chapter is to provide a better understand-
ing of SA infections and the potential relationship with the associated sports activity. This 
chapter is divided into four parts, with the first section summarizing the latest insights into 
the sports activity related to SA infections and risk factors. In the second part, we focus on 
the latest insights into the determinants of SA nasal carriage and skin infections. As nasal car-
riers may be the reservoir responsible for the transmission in athletes and teams, this section 
describes the first high-throughput SA nasal carriage effort for large numbers of SA from ath-
letes. As nasal carriers may be the reservoir responsible for the transmission in athletes and 
teams, this section describes the first high-throughput SA nasal carriage genotyping effort 
that has been used to examine the SA transmission in athletes. Previous reports have shown 
that nasal carriage may play a key role in the epidemiology and pathogenesis of SA infec-
tions [6, 7]. The third part presents information on our current understanding on how SA can 
thrive on the skin and be easily transmitted from person to person via sweat. Thus, when 
a sport involves physical contact, this route is likely to be the major mode of transmission 
between the athletes. In the final section, we discuss the high-throughput genotyping effort 
that has been undertaken in order to investigate SA transmission in athletes. 
Figure 1. A hypothetical example of a Staphylococcus aureus infection resulting in an outbreak within an athletic 
setting. Staphylococcus aureus outbreaks are classified into three categories, which include “direct contact,” “nosocomial 
infection,” and “skin wound.” These hypothetical schemes will need to be further examined in future experiments.
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The discovery of SA outbreaks in athletes taking part in physical contact sports is not new. 
In 1982, Bartlett et al. published the first scientific paper on SA infections in athletes [8]. This 
study examined 26 players of a high school football team and reported finding a total of 
55 lesions, with two players found to have Methicillin-Susceptible Staphylococcus Aureus 
(MSSA), while 24 had methicillin-resistant SA (MRSA). There was no pathogen growth 
observed for any of the players. There were three essential findings observed and confirmed 
by the authors in subsequent studies. First, the majority of the lesions observed were located 
on the extremities and in areas not usually covered by a football uniform or other apparels. 
Second, 61% of the affected players reported the development of a furuncle at the site of a 
previously open wound, while 27% reported the development of a furuncle at the site of a 
previous bruise. Third, cultures obtained from the lesions of two players grew SA that was 
sensitive to nafcillin, clindamycin, erythromycin, cephalosporin, tetracycline, and sulfa and 
resistant to penicillin and ampicillin. This is of importance, as infections with drug-resistant 
bacteria may lead to longer and more costly hospital care, in addition to an increase in the risk 
of dying from the infection.
Since this initial report, various infectious disease outbreaks have been reported [9]. Sosin et al. 
[10] additionally reported an outbreak of furuncles in athletes in the state of Kentucky in the 
USA. The outbreak involved members of the high school football and basketball teams, with a 
total of 62 lesions reported in these affected athletes. In this school, the basketball season over-
lapped with the end of the football season, with the two teams sharing a locker room. In addition, 
six of the players participated on both of the teams. Based on these findings, the authors hypoth-
esized that close physical contact was a risk factor for SA transmission in athletes. The majority of 
affected players were treated with oral antibiotics, with three players developing infections that 
did not respond to oral therapy, thereby requiring hospitalization for intravenous antibiotic ther-
apy. One of these hospitalized players subsequently developed a disseminated SA infection and 
a lung abscess. A total of 81% of the observed lesions were found on the extremities. Moreover, 
players who sustained a skin injury were three times more likely to develop an infection com-
pared to those who did not report any skin injury. The use of the school showers and locker 
room and the sharing of clothing and towels were not found to be risk factors for SA infections. 
Although SA was isolated from 14 of 52 (27%) nasal cultures collected from the athletes, this was 
not higher than the proportion of SA-positive nasal cultures found in a group of student controls.
These studies provided valuable information and have helped encourage the develop-
ment of subsequent investigations into additional components affecting SA skin infections. 
Furthermore, the majority of all of the studies performed because the initial publication has 
focused on investigations of the effects of physical contact on SA skin infection.
As Suzuki and Tagami [11] discussed in detail, physical contact contributes to SA transmis-
sion. Their study identified several factors including an outbreak of SA skin infection in a 
collegiate men’s rugby team. The athletes examined had all started the rugby season with 
a training camp that was in close proximity to where they lived and which was conducted 
between August 4 and 25 in 2011 (Figure 2A). SA infections were found in 14 (20%) of the 
69 healthy rugby players between September 10 and October 21 of 2011 (Table 1). One team 
member required hospitalization during October 2011 in order to treat an abscess that was 
secondary to the SA infection. As other members of the team also developed skin infections, 
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screening was begun on October 6. The dispersion of the outbreak was trimodal, with 28, 50, 
and 21% occurring between September 10 and 20, between October 2 and 10, and between 
October 20 and 21 (Figure 2A). The infections developed in 11 forwards and three back-posi-
tioned players (Figure 2B). The infection rate was higher among the forwards versus the back 
positions (28 vs. 7%) (Table 1), with the flanker position exhibiting a greater likelihood of 
becoming infected compared to the other players. The forehead, back, elbow, and thumb 
comprised the primary sites of SA infection (Figure 2B). Infections tended to occur most fre-
quently on the areas that were not covered by athletic apparel, such as the elbows, forearms, 
knees, and lower legs [1, 8]. These trends suggest that competitive practices lead to repeated 
direct contact. Nine crural abscesses were located on the front and back of the legs near or on 
Figure 2. Epidemic curve of the initial skin infections due to Staphylococcus aureus among collegiate rugby players (A). 
Field position diagram of players who developed Staphylococcus aureus infection (B). See Table 1 for position-specific 
attack rates. 1 and 3, prop; 2, hooker; 4 and 5, lock; 6 and 7, flanker; 8, number 8; 9, scrum half; 10, fly half; 11 and 14, 
wings; 12 and 13, center back; and 15, fullback. Players infected with Staphylococcus aureus (×). Anatomical locations of 
infection sites (C). Front and back side of body. Filled circles, skin lesions (unpublished data).
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the knee. In addition, most of the lesions were located on the extremities in areas that are not 
usually covered by the rugby uniform. However, SA isolates that resulted from the sharing 
of items, such as the contact bag, tackle bag, and bibs, were limited. Starting on November 3, 
oral fosfomycin calcium (1 g, two tablets) was administered three times daily for 5 days. After 
22 days, there was a decrease in the number of SA nasal carriers. This intervention prevented 
further dissemination of the SA infection among the team members.
This report shows that the epidemic curves can provide considerable information about the 
outbreaks such as the pattern of the spread, magnitude, time trend, and exposure and disease 
incubation periods. The epidemic curve in the present study was trimodal, with continuous, 
intermittent exposure and gradual increases in the numbers of infections. This type of epi-
demic curve is typical of person-to-person spread [12]. Classic epidemic curves from propa-
gating outbreaks comprise successively taller peaks, distanced one incubation period apart. 
The two most common sources of SA spread were contaminated hands and physical contact 
with athletes [13, 14]. Multimodal peaks are representative of SA outbreaks and comprise a 
risk factor for such outbreaks during physical contact sports [8]. These previous studies sup-
port a person-to-person contact method for the transmittal of the disease, with skin injuries 
serving as an entrance point for the infectious organisms.
2. When do S. aureus outbreaks occur in athletes?
Outbreaks of SA infections in an athletic setting have also occurred during the regular season 
(with the term “regular season” referring to the sport’s league competitive period) [15]. During 
the regular season, there are likely to be more opportunities for contact with the  others that 
Position No. of infected players 
(%) n = 14
Total no. on team (%) 
n = 69
Position-specific attack 
rate (%)*
Forwards Props 3 (21) 7 (10) 28
Hooker 2 (14) 5 (7)
Locks 0 10 (14)
Flankers 5 (35) 14 (20)
Number 8 1 (7) 2 (2.8)
Backs Scrum half 0 6 (8.6) 7
Fly half 0 4 (5.7)
Wings 0 5 (7.2)
Fullback 0 7 (9.8)
Center back 3 (21) 9 (13)
*Attack rate = no. of infected players/total no. on team, per position.
The overall attack rate = 10%.
Table 1. Position-specific attack rates of clinical and Staphylococcus aureus and soft tissue infections among members of 
a rugby team (unpublished data).
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subsequently result in wounds. Creech et al. examined an American men’s football team and 
found a high rate of SA infection during the regular season [15]. Kazakova et al. also reported 
an outbreak of MRSA in a men’s football team during the regular season [1]. Thus, evaluations 
of players taking part in physical contact sports during the regular season are critical for pre-
vention and control of SA infections. In addition, individuals with SA-infected abscesses need 
to be carefully evaluated, as they may also serve as an SA “reservoir” that facilitates transmis-
sion to uninfected players. Our current analyses indicated that the regular season is intrinsi-
cally associated with risk factors for SA outbreaks (Figure 2A). Individuals with SA-infected 
abscesses might also be SA reservoirs that facilitate transmission to uninfected players.
3. The role of fomites in SA infection outbreaks in athletes
Data suggest that athletes with SA skin infection are more likely to experience a recurrence 
if the fomites were contaminated with SA. For example, an investigation of an outbreak of a 
MRSA infection in two different football teams revealed that the responsible MRSA clone was 
not found in the nares of any of the infected players, uninfected teammates/staff, or the envi-
ronment [1, 3]. In a retrospective study that examined community-onset MRSA skin infec-
tions among professional football players, Kazakova et al. [1] did not find any MRSA in the 
nasal swabs or environmental cultures, even though 42% of the players were nasal carriers 
of the MSSA strains. Apart from these highly selected populations, it remains questionable 
whether the results from these studies can be extrapolated to the general population [16]. 
These findings suggest that the strain responsible for the infection was acquired from a non-
nasal endogenous source or environmental sources. Moreover, the MRSA infection observed 
in these outbreaks was associated with exposures to various contaminated fomites, including 
whirlpools, shared razors, and shared towels. Other fomites implicated in the outbreaks of 
sports team-associated MRSA infections include benches, body sites worn by fencers, and 
even a bar of soap [1, 12, 17]. In non-outbreak settings, it has been reported that close contact 
with a person who has a skin infection was also associated with the SA infection [11].
Aggressive control of SA strains in the environment has contributed to effective strategies that 
can be used to prevent SA infection. For example, the National Collegiate Athletic Association 
(NCAA) has implemented prevention programs [18] that encourage hand hygiene [9], sur-
veys of environmental contamination [12], showering the entire body with an antimicrobial 
soap and water immediately after each practice and game [19], discouraging cosmetic body 
shaving [3], and cleaning and disinfecting shared items [18]. As a result of active surveillance 
(a way of carefully monitoring of SA nasal carriage), consensus has been reached concerning 
the optimal ways for controlling infection among athletes [15], with nares screening for SA 
critical for preventing skin and soft tissue infection.
4. Nasal carriage and SA infection in athletes
After the reports of the initial studies on SA infection, sports medicine scientists have focused 
on the SA nasal carriage and skin infection. In human beings, the nose is the main ecological 
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niche where SA resides [20]. The primary reservoir of SA is thought to be the anterior nares, 
and 30% of individuals carry nasal SA at any given time [6]. The association between SA 
nasal carriage and staphylococcal disease was first reported by Danbolt in 1931, who studied 
furunculosis [21].
Epidemiologic studies found higher SA nasal carriage rates and skin lesions in players of 
various sports. Sports activities that can cause skin lesions are also correlated with higher SA 
nasal carriage rates. These include river rafting [22] and football [1]. Decker et al. reported that 
higher nasal carriage rates were correlated with SA skin infections [22]. They postulated that 
maceration of the skin caused by prolonged contact with water in conjunction with repeated 
small cuts or skin injuries might have been the cause of the infections. Begier et al. [3] exam-
ined the sports activity of the players for an American football team and found that 97 of 
100 players were positive for SA nasal carriage. Supporting these data is a further study that 
found repeated skin punctures in drug users and diabetics appeared to be the source of higher 
SA nasal carriage rates [6]. In addition, a retrospective analysis demonstrated that infection 
rates tended to peak among rugby forwards [23], American football linemen [1, 12, 14], cor-
nerbacks, and wide receivers [3], all of whom have frequent contact with other players. All of 
these athletes play in the front lines, engage in frequent and aggressive skin-to-skin contact 
during matches, and are expected to engage the opposing team in the blind side of the scrum 
and tackle other players. This high-frequency, rough physical contact causes the skin abra-
sions that are associated with SA soft tissue infections [8].
Persistent SA nasal carriage is an established risk factor for cutaneous infection in physical 
contact sports [15]. Despite various proposals, there has yet to be a standard definition regard-
ing the number of cultures that need to be taken or what fraction should be positive when 
determining the carrier status [24]. However, attempts to define persistent carriers have been 
problematic, as most SA infections originate from lines that are specific to carriers and hands, 
which are often the primary vectors for transmitting nasal bacteria in athletes [13]. Moreover, 
there are a number of infectious diseases that can be spread from one person to another by 
contaminated hands and body sites in athletes [13]. Therefore, the current consensus is that 
SA resides in the anterior nares of individuals and which serve as reservoirs that predispose 
players to subsequent infections.
The quantity of the SA colony-forming units (CFU) that can be recovered from swabs used to 
examine the noses of carriers varies widely, with numbers reported to range from the single 
digits to millions [25, 26]. In addition, other studies have reported that there is a strong asso-
ciation between high cell counts and persistent carriage [24, 27, 28]. Furthermore, evidence 
from various studies has led to the postulate that persistent carriers represent a separate 
group that is distinct from the intermittent and noncarriers [27, 29]. (Most studies that have 
examined SA nasal carriage have used a cross-sectional design with a single-nasal culture in 
order to determine whether an individual is a carrier. However, longitudinal studies have 
distinguished at least three SA nasal carriage patterns in healthy individuals: persistent car-
riage, intermittent carriage, and non-carriage [6, 30–32]. In addition, some studies make a 
further distinction between occasional and intermittent carriers [33, 34].) Even though the 
reasons remain unknown, the basic determinants of persistent and intermittent carriage are 
thought to be different. Persistent carriers are often colonized by a single strain of SA over 
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long time periods, whereas intermittent carriers may carry different strains over time [31, 33, 
35]. Furthermore, the load of SA is higher in persistent carriers, which results in increased 
dispersal and a higher risk of infection [24, 29]. Nasal carriers who are also persistent carriers 
are reported to have higher SA loads and disperse more SA [21, 36, 37].
Approaches that use high-throughput nasal swab data can also be applied to help in our 
understanding of the bacterial spread. While many studies have focused on nasal swab data, 
it is still unknown whether nasal SA colonization alone can trigger an SA outbreak. By achiev-
ing a deeper understanding of the repercussions of carrying nasal SA, this should help to 
refine and optimize strategies for risk control among athletes, thereby reducing SA infections.
5. Skin surface of S. aureus in athletes
The skin is the largest organ of the human body, representing more than 10% of the body 
mass [38]. In athletes who participate in contact and collision sports, the risk of transmission 
of SA has been shown to be particularly high [39–41]. It has been hypothesized that “skin-to-
skin contact” might be the main cause of SA transmission in athletes, with the physical con-
tact inducing SA dissemination in these athletes [1]. The average area of the skin surface of a 
human adult is 2 m2 [42]. Although a dry, salty, low-pH skin surface discourages SA growth 
[43], the skin of an athlete is usually soaked in sweat, which provides a moist and nourishing 
environment that is suitable for SA growth. Therefore, skin sweat has been considered to be a 
key point of transmission during physical contact [44].
Recent evidence suggests that nasal SA has a high propensity to colonize the skin surface 
[45]. This idea is supported by the finding that colonization often simultaneously disappears 
from other body sites if an intranasal topical antibiotic is used to temporarily eliminate the 
SA nasal carriage [46]. Furthermore, cutaneous investigations that examined sweat glands, 
sebaceous glands, and hair follicles have reported that these areas are likely to be associated 
with their own unique microbiota [47]. Sebaceous glands secrete lipid-rich sebum, with this 
hydrophobic coating able to protect and lubricate the hair and skin. In general, sebum serves 
as an antibacterial coating and acts as a molecular defense mechanism [48]. However, the rela-
tionship between exercise-induced sweating and SA transmission in physical contact sports 
among athletes remains unclear.
It has been reported that the nasal cavity is the primary reservoir for SA and that these carriers 
are an established risk factor for transmission. Two factors may be involved in the SA trans-
mission in an athletic setting. First, nasal carriers also carry the organism on their hands. Thus, 
not only are contaminated hands considered to be a likely source for causing the transmis-
sion, the hands actually serve in many cases as the primary vectors for transmitting the nasal 
SA. Second, SA can also live on the skin, which makes it easy to transmit from one person to 
another via sweat. This route is considered to be the major mode of transmission. The reason 
for the presence of a higher density of SA on the skin surface is due to the sweat that occurs 
during exercise in nasal carriers [11].
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Even though SA is found on the skin, the nose appears to be the primary reservoir for its repli-
cation and transmission to other body sites. This hypothesis is supported by studies that have 
demonstrated that the use of an intranasal topical antibiotic will temporarily eliminate the 
transmission of the SA from the nasal carriage to the colonized body site [46]. Pulsed-field gel 
electrophoresis (PFGE) has also shown that nasal SA isolates are often identical to the strains 
that later cause clinical infections [49, 50]. Since 10% of the nasal SA carriers exhibited more 
than one genotype or phage type in their nose, this suggests that many of the infections might 
be of endogenous origin [32, 51].
Direct physical contact with bodily fluids is believed to be one source of SA dissemination 
[52]. Examples of direct contact in rugby occur in the scrum, when making tackles, shak-
ing hands, or coming in contact with perspiration and skin lesions. To determine the factors 
behind SA transmission in physical contact sports, Suzuki and Tagami [11] examined the skin 
surface SA before and after exercise. The findings of this study showed that the density of the 
nasal SA was correlated with that of the skin surface SA in nasal carriers with perspiration 
on the skin surface after exercise, which indicates that perspiring during exercise promotes 
the appearance of SA in nasal carriers. Eda et al. also provided direct evidence of skin sur-
face SA in healthy adult males after participating in high-intensity endurance exercises [53]. 
Perspiring during exercise appears to be a key part in the self-infection and transmission of 
SA in nasal carriers. Thus, the chances of team players transmitting SA to other team members 
would be increased during practices and while taking part in other exercises.
6. Genotyping
Although there is a low risk of the SA infection in team sports, early detection and an aware-
ness of possible pathways of SA transmission could play a huge part in reducing social and 
economic impacts if an outbreak was to occur in a particular type of sports. Studies that have 
examined team sports have reported on the importance of early detection in the prevention of 
the spread of SA [1]. When there is an SA outbreak among a sports team, the first goal should 
be to identify all of the carriers, which includes both players and the coaching staff. However, 
it can be difficult to directly obtain such information at the present. Since the SA isolation test 
is the most reliable and sensitive method that can be used in these identifications, the use of 
these tests is essential for accurate surveillance of SA outbreaks. However, it should be noted 
that these tests also isolate many nonspecific SA from the anterior nares of the nose or the 
wound. Thus, the lack of SA specificity could hinder the surveillance. At present, both man-
nitol salt agar with egg yolk and Baird-Parker agar media are specifically used for SA isola-
tion. Since these media require a large amount of time for the preparation, this raises the labor 
costs. In addition, the mannitol salt agar with egg yolk and Baird-Parker media exhibit weak 
reactivity against other different bacteria, and thus, this test requires appropriate proficiency 
in the discerning of the colony. Therefore, a reliable method that can be readily adopted by 
general diagnostic laboratories will need to be developed in order to improve the diagnostic 
ability of these tests. The examination methodology used is central to the SA surveillance.
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Recently, molecular typing methods have greatly improved our understanding of SA trans-
mission, provided powerful tools for tracing the transmission of individual strains and 
revealed methicillin-resistant SA (MRSA) strains [17]. Since there is a lack of data on the prev-
alence of SA transmission among athletes, this has prevented effective surveillance, thereby 
leading to the failure of preventing infections. In the infection control field, our understand-
ing of SA transmission is limited by the methods used to determine the relatedness of micro-
organisms in the context of time and space. Conventional typing methods, such as phage 
typing, multi-locus sequence typing (MLST) and pulsed-field gel electrophoresis (PFGE) [54], 
spa typing [55, 56], and multi-locus enzyme electrophoresis (MLEE) [57], have all been suc-
cessfully used to describe the global population structure of SA. In addition, this methodol-
ogy has been used to provide a framework for the description of the major lineages associated 
with healthcare-associated infections in different countries and to monitor their emergence, 
dispersal, and decline in different settings [58]. However, when attempting to investigate the 
finer details of infection outbreaks, these conventional typing methods have serious limita-
tions [59]. Phage-open reading frame typing (POT) has been developed as a genotyping tool 
based on multiplex polymerase chain reaction (PCR) [60]. These POT methods have been 
applied to investigate nosocomial MRSA outbreaks, with the discriminatory power of the 
method shown to be excellent [61, 62]. Although strategies that use molecular genotyping 
have been able to successfully detect the presence of SA colonization within a few hours, at 
the present time, they cannot help in predicting the carrier state. In addition, these methods 
are expensive as compared to that for standard cultures.
Acknowledgements
This paper is a revised and enhanced version of the authors’ recent publication [11]. This 
study was funded by the Ministry of Education, Culture, Sports, Science and Technology, 
grant number (KAKENHI24700748), Grant-in-Aid for Young Scientists (B).
Author details
Kotaro Suzuki
Address all correspondence to: koutarousuzuki55@gmail.com
Faculty of Health and Sports Sciences, University of Tsukuba, Tsukuba, Ibaraki, Japan
References
[1] Kazakova SV, Hageman JC, Matava M, Srinivasan A, Phelan L, Garfinkel B, Boo T, 
McAllister S, Anderson J, Jensen B, Dodson D, Lonsway D, McDougal LK, Arduino M, 
Fraser VJ, Killgore G, Tenover FC, Cody S, Jernigan DB. A clone of methicillin-resistant 
Staphylococcus aureus among professional football players. N Engl J Med 2005; 352: 468–
475. DOI: 10.1056/NEJMoa042859
Frontiers in Staphylococcus Aureus40 aureus
[2] Oller AR, Province L, Curless B. Staphylococcus aureus recovery from environmental 
and human locations in 2 collegiate athletic teams. J Athl Train 2009; 45: 222–229. DOI: 
10.4085/1062-6050-45.3.222.
[3] Begier EM, Frenette K, Barrett NL, Mshar P, Petit S, Boxrud DJ, Watkins-Colwell K, 
Wheeler S, Cebelinski EA, Glennen A, Nguyen D, Hadler JL. A high-morbidity outbreak 
of methicillin-resistant Staphylococcus aureus among players on a college football team, 
facilitated by cosmetic body shaving and turf burns. Clin Infect Dis 2004; 39: 1446–1453. 
DOI: 10.1086/425313
[4] Huijsdens XW, van Lier AM, van Kregten E, Verhoef L, van Santen-Verheuvel MG, 
Spalburg E, Wannet WJ. Methicillin-resistant Staphylococcus aureus in Dutch soccer team. 
Emerg Infect Dis 2006; 12: 1584–1586. DOI: 10.3201/eid1210.060387
[5] Rackham DM, Ray SM, Franks AS, Bielak KM, Pinn TM. Community-associated methi-
cillin-resistant Staphylococcus aureus nasal carriage in a college student athlete popu-
lation. Clin J Sport Med 2010; 20: 185–188. DOI: 10.1097/JSM.0b013e3181dba80d000
42 752-201005000-00004
[6] Kluytmans J, van Belkum A, Verbrugh H. Nasal carriage of Staphylococcus aureus: epi-
demiology, underlying mechanisms, and associated risks. Clin Microbiol Rev 1997; 10: 
505–520. http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&
dopt=Citation&list_uids=9227864
[7] White A. Increased infection rates in heavy nasal carriers of coagulase-positive staphylo-
cocci. Antimicrob Agents Chemother 1963; 161: 667–670. http://www.ncbi.nlm.nih.gov/
pubmed/14274980
[8] Bartlett PC, Martin RJ, Cahill BR. Furunculosis in a high school football team. Am J 
Sports Med 1982; 10: 371–374. http://www.ncbi.nlm.nih.gov/pubmed/7180958
[9] Redziniak DE, Diduch DR, Turman K, Hart J, Grindstaff TL, MacKnight JM, Mistry DJ. 
Methicillin-resistant Staphylococcus aureus (MRSA) in the athlete. Int J Sports Med 2009; 
30: 557–562. DOI: 10.1055/s-0029-1214382
[10] Sosin DM, Gunn RA, Ford WL, Skaggs JW. An outbreak of furunculosis among high 
school athletes. Am J Sports Med 1989; 17: 828–832. http://www.ncbi.nlm.nih.gov/
entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=2624295
[11] Suzuki K, Tagami K. Role of nasal Staphylococcus aureus carriage in transmission among 
contact athletes. Int J Sports Med 2015; 36: 1186–1191. DOI: 10.1055/s-0035-1555856
[12] Nguyen DM, Mascola L, Brancoft E. Recurring methicillin-resistant Staphylococcus 
aureus infections in a football team. Emerg Infect Dis 2005; 11: 526–532. http://www.
ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&l
ist_uids=15829189
[13] Oller AR, Province L, Curless B. Staphylococcus aureus recovery from environmental 
and human locations in 2 collegiate athletic teams. J Athl Train 2010; 45: 222–229. DOI: 
10.4085/1062-6050-45.3.222.
Role of Nasal Staphylococcus aureus Carriage in Transmission Among Contact Athletes
http://dx.doi.org/10.5772/66936
41
[14] Romano R, Lu D, Holtom P. Outbreak of community-acquired methicillin-resistant 
Staphylococcus aureus skin infections among a collegiate football team. J Athl Train 2006; 
41: 141–145. http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMe
d&dopt=Citation&list_uids=16791297
[15] Creech CB, Saye E, McKenna BD, Johnson BG, Jimenez N, Talbot TR, Bossung T, Gregory 
A, Edwards KM. One-year surveillance of methicillin-resistant Staphylococcus aureus 
nasal colonization and skin and soft tissue infections in collegiate athletes. Arch Pediatr 
Adolesc Med 2010; 164: 615–620. DOI: 10.1001/archpediatrics.2010.93
[16] Ellis MW, Hospenthal DR, Dooley DP, Gray PJ, Murray CK. Natural history of com-
munity-acquired methicillin-resistant Staphylococcus aureus colonization and infection in 
soldiers. Clin Infect Dis 2004; 39: 971–979. DOI: 10.1086/423965
[17] CDC. Methicillin-resistant Staphylococcus aureus infections among competitive sports 
participants – Colorado, Indiana, Pennsylvania, and Los Angeles County, 2000–2003. 
MMWR Morb Mortal Wkly Rep 2003; 52: 793–795.
[18] Zinder SM, Basler RS, Foley J, Scarlata C, Vasily DB. National athletic trainers' 
association position statement: skin diseases. J Athl Train 2010; 45: 411–428. DOI: 
10.4085/1062-6050-45.4.411
[19] Cordoro KM, Ganz JE. Training room management of medical conditions: sports derma-
tology. Clin Sports Med 2005; 24: 565–598. DOI: 10.1016/j.csm.2005.03.008
[20] Peacock SJ, de Silva I, Lowy FD. What determines nasal carriage of Staphylococcus aureus? 
Trends Microbiol 2001; 9: 605–610. DOI: 10.1016/S0966-842X(01)02254-5
[21] Solberg CO. A study of carriers of Staphylococcus aureus with special regard to quantita-
tive bacterial estimations. Acta Med Scand Suppl 1965; 436: 1–96. http://www.ncbi.nlm.
nih.gov/pubmed/5318930
[22] Decker MD, Lybarger JA, Vaughn WK, Hutcheson RH, Jr., Schaffner W. An outbreak 
of staphylococcal skin infections among river rafting guides. Am J Epidemiol 1986; 124: 
969–976. http://www.ncbi.nlm.nih.gov/pubmed/3776979
[23] Stacey AR, Endersby KE, Chan PC, Marples RR. An outbreak of methicillin resistant 
Staphylococcus aureus infection in a rugby football team. Br J Sports Med 1998; 32: 153–
154. http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt
=Citation&list_uids=9631224
[24] Nouwen JL, Ott A, Kluytmans-Vandenbergh MF, Boelens HA, Hofman A, van 
Belkum A, Verbrugh HA. Predicting the Staphylococcus aureus nasal carrier state: 
derivation and validation of a "culture rule". Clin Infect Dis 2004; 39: 806–811. DOI: 
10.1086/423376
[25] Mermel LA, Eells SJ, Acharya MK, Cartony JM, Dacus D, Fadem S, Gay EA, Gordon 
S, Lonks JR, Perl TM, McDougal LK, McGowan JE, Maxey G, Morse D, Tenover FC. 
Quantitative analysis and molecular fingerprinting of methicillin-resistant Staphylococcus 
Frontiers in Staphylococcus Aureus42 aureus
aureus nasal colonization in different patient populations: a prospective, multicenter 
study. Infect Control Hosp Epidemiol 2010; 31: 592–597. DOI: 10.1086/652778
[26] White A. Quantitative studies of nasal carriers of staphylococci among hospitalized 
patients. J Clin Invest 1961; 40: 23–30. DOI: 10.1172/JCI104233
[27] van Belkum A, Verkaik NJ, de Vogel CP, Boelens HA, Verveer J, Nouwen JL, Verbrugh 
HA, Wertheim HF. Reclassification of Staphylococcus aureus nasal carriage types. J Infect 
Dis 2009; 199: 1820–1826. DOI: 10.1086/599119
[28] Verhoeven PO, Grattard F, Carricajo A, Lucht F, Cazorla C, Garraud O, Pozzetto B, 
Berthelot P. Quantification by real-time PCR assay of Staphylococcus aureus load: a useful 
tool for rapidly identifying persistent nasal carriers. J Clin Microbiol 2012; 50: 2063–2065. 
DOI: 10.1128/JCM.00157-12
[29] Nouwen JL, Fieren MW, Snijders S, Verbrugh HA, van Belkum A. Persistent (not inter-
mittent) nasal carriage of Staphylococcus aureus is the determinant of CPD-related infec-
tions. Kidney Int 2005; 67: 1084–1092. DOI: 10.1111/j.1523-1755.2005.00174.x
[30] Armstrong-Esther CA. Carriage patterns of Staphylococcus aureus in a healthy non-hospi-
tal population of adults and children. Ann Hum Biol 1976; 3: 221–227. http://www.ncbi.
nlm.nih.gov/pubmed/962302
[31] VandenBergh MF, Yzerman EP, van Belkum A, Boelens HA, Sijmons M, Verbrugh HA. 
Follow-up of Staphylococcus aureus nasal carriage after 8 years: redefining the persis-
tent carrier state. J Clin Microbiol 1999; 37: 3133–3140. http://www.ncbi.nlm.nih.gov/
pubmed/10488166
[32] Williams RE. Healthy carriage of Staphylococcus aureus: its prevalence and importance. 
Bacteriol Rev 1963; 27: 56–71. http://www.ncbi.nlm.nih.gov/pubmed/14000926
[33] Eriksen NH, Espersen F, Rosdahl VT, Jensen K. Carriage of Staphylococcus aureus among 
104 healthy persons during a 19-month period. Epidemiol Infect 1995; 115: 51–60. http://
www.ncbi.nlm.nih.gov/pubmed/7641838
[34] Maxwell JG, Ford CR, Peterson DE, Mitchell CR. Long-term study of nasal staphylococci 
among hospital personnel. Am J Surg 1969; 118: 849–854. http://www.ncbi.nlm.nih.gov/
pubmed/4243232
[35] Hu L, Umeda A, Kondo S, Amako K. Typing of Staphylococcus aureus colonising human 
nasal carriers by pulsed-field gel electrophoresis. J Med Microbiol 1995; 42: 127–132. 
DOI: 10.1099/00222615-42-2-127
[36] Ridley M. Perineal carriage of Staph. aureus. Br Med J 1959; 1: 270–273. http://www.ncbi.
nlm.nih.gov/pubmed/13618615
[37] Squier C, Rihs JD, Risa KJ, Sagnimeni A, Wagener MM, Stout J, Muder RR, Singh N. 
Staphylococcus aureus rectal carriage and its association with infections in patients in a 
surgical intensive care unit and a liver transplant unit. Infect Control Hosp Epidemiol 
2002; 23: 495–501. DOI: 10.1086/502095
Role of Nasal Staphylococcus aureus Carriage in Transmission Among Contact Athletes
http://dx.doi.org/10.5772/66936
43
[38] Crosera M, Bovenzi M, Maina G, Adami G, Zanette C, Florio C, Filon Larese F. 
Nanoparticle dermal absorption and toxicity: a review of the literature. Int Arch Occup 
Environ Health 2009; 82: 1043–1055. DOI: 10.1007/s00420-009-0458-x
[39] Braun T, Kahanov L, Dannelly K, Lauber C. CA-MRSA infection incidence and care in 
high school and intercollegiate athletics. Med Sci Sports Exerc 2016; 48: 1530–1538. DOI: 
10.1249/MSS.0000000000000940
[40] Collins CJ, O'Connell B. Infectious disease outbreaks in competitive sports, 2005–2010. J 
Athl Train 2012; 47: 516–518. DOI: 10.4085/1062-6050-47.5.02
[41] Jimenez-Truque N, Saye EJ, Soper N, Saville BR, Thomsen I, Edwards KM, Creech CB. 
Longitudinal assessment of colonization with Staphylococcus aureus in healthy collegiate 
athletes. J Pediatric Infect Dis Soc 2016; 5: 105–113. DOI: 10.1093/jpids/piu108
[42] Tobin DJ. Biochemistry of human skin—our brain on the outside. Chem Soc Rev 2006; 
35: 52–67. DOI: 10.1039/b505793k
[43] Korting HC, Lukacs A, Vogt N, Urban J, Ehret W, Ruckdeschel G. Influence of the 
pH-value on the growth of Staphylococcus epidermidis, Staphylococcus aureus and 
Propionibacterium acnes in continuous culture. Int J Hyg Environ Med 1992; 193: 78–90. 
http://www.ncbi.nlm.nih.gov/pubmed/1503605
[44] Weber K. Community-Associated Methicillin-Resistant Staphylococcus aureus Infections 
in the Athlete. Sports Health. 2009; 1: 405-410. DOI: 10.1177/1941738109343653
[45] Wertheim HF, Melles DC, Vos MC, van Leeuwen W, van Belkum A, Verbrugh HA, 
Nouwen JL. The role of nasal carriage in Staphylococcus aureus infections. Lancet Infect 
Dis 2005; 5: 751–762. DOI: 10.1016/S1473-3099(05)70295-4
[46] Reagan DR, Doebbeling BN, Pfaller MA, Sheetz CT, Houston AK, Hollis RJ, Wenzel RP. 
Elimination of coincident Staphylococcus aureus nasal and hand carriage with intranasal 
application of mupirocin calcium ointment. Ann Intern Med 1991; 114: 101–106. http://
www.ncbi.nlm.nih.gov/pubmed/1898585
[47] Kong HH, Segre JA. Skin microbiome: looking back to move forward. J Invest Dermatol 
2012; 132: 933–939. DOI: 10.1038/jid.2011.417
[48] Belkaid Y, Tamoutounour S. The influence of skin microorganisms on cutaneous immu-
nity. Nat Rev Immunol 2016; 16: 353–366. DOI: 10.1038/nri.2016.48
[49] von Eiff C, Becker K, Machka K, Stammer H, Peters G. Nasal carriage as a source of 
Staphylococcus aureus bacteremia. Study group. N Engl J Med 2001; 344: 11–16. DOI: 
10.1056/NEJM200101043440102
[50] Wertheim HF, Vos MC, Ott A, van Belkum A, Voss A, Kluytmans JA, van Keulen PH, 
Vandenbroucke-Grauls CM, Meester MH, Verbrugh HA. Risk and outcome of nosoco-
mial Staphylococcus aureus bacteraemia in nasal carriers versus non-carriers. Lancet 2004; 
364: 703–705. DOI: 10.1016/S0140-6736(04)16897-9
Frontiers in Staphylococcus Aureus44 aureus
[51] Cespedes C, Said-Salim B, Miller M, Lo SH, Kreiswirth BN, Gordon RJ, Vavagiakis P, 
Klein RS, Lowy FD. The clonality of Staphylococcus aureus nasal carriage. J Infect Dis 
2005; 191: 444–452. DOI: 10.1086/427240
[52] Luke A, d'Hemecourt P. Prevention of infectious diseases in athletes. Clin Sports Med 
2007; 26: 321–344. DOI: 10.1016/j.csm.2007.04.006
[53] Eda N, Shimizu K, Suzuki S, Lee E, Akama T. Effects of high-intensity endurance exer-
cise on epidermal barriers against microbial invasion. J Sports Sci Med 2013; 12: 44–51. 
http://www.ncbi.nlm.nih.gov/pubmed/24149724
[54] Lin J, Lin D, Xu P, Zhang T, Ou Q, Bai C, Yao Z. Non-hospital environment contamina-
tion with Staphylococcus aureus and methicillin-resistant Staphylococcus aureus: propor-
tion meta-analysis and features of antibiotic resistance and molecular genetics. Environ 
Res 2016; 150: 528–540. DOI: 10.1016/j.envres.2016.06.040
[55] Aguadero V, Gonzalez Velasco C, Vindel A, Gonzalez Velasco M, Moreno JJ. Evaluation 
of rep-PCR/DiversiLab versus PFGE and spa typing in genotyping methicillin-resistant 
Staphylococcus aureus (MRSA). Br J Biomed Sci 2015; 72: 120–127. http://www.ncbi.nlm.
nih.gov/pubmed/26510268
[56] Katakweba AS, Muhairwa AP, Espinosa-Gongora C, Guardabassi L, Mtambo MM, 
Olsen JE. Spa typing and antimicrobial resistance of Staphylococcus aureus from healthy 
humans, pigs and dogs in Tanzania. J Infect Dev Ctries 2016; 10: 143–148. DOI: 10.3855/
jidc.6790
[57] Fitzgerald JR, Meaney WJ, Hartigan PJ, Smyth CJ, Kapur V. Fine-structure molecular 
epidemiological analysis of Staphylococcus aureus recovered from cows. Epidemiol Infect 
1997; 119: 261–269. http://www.ncbi.nlm.nih.gov/pubmed/9363026
[58] Price JR, Didelot X, Crook DW, Llewelyn MJ, Paul J. Whole genome sequencing in the 
prevention and control of Staphylococcus aureus infection. J Hosp Infect 2013; 83: 14–21. 
DOI: 10.1016/j.jhin.2012.10.003
[59] Harris SR, Clarke IN, Seth-Smith HM, Solomon AW, Cutcliffe LT, Marsh P, Skilton RJ, 
Holland MJ, Mabey D, Peeling RW, Lewis DA, Spratt BG, Unemo M, Persson K, Bjartling 
C, Brunham R, de Vries HJ, Morre SA, Speksnijder A, Bebear CM, Clerc M, de Barbeyrac 
B, Parkhill J, Thomson NR. Whole-genome analysis of diverse Chlamydia trachoma-
tis strains identifies phylogenetic relationships masked by current clinical typing. Nat 
Genet 2012; 44: 413–419, S411. DOI: 10.1038/ng.2214
[60] Suzuki M, Tawada Y, Kato M, Hori H, Mamiya N, Hayashi Y, Nakano M, Fukushima 
R, Katai A, Tanaka T, Hata M, Matsumoto M, Takahashi M, Sakae K. Development of 
a rapid strain differentiation method for methicillin-resistant Staphylococcus aureus iso-
lated in Japan by detecting phage-derived open-reading frames. J Appl Microbiol 2006; 
101: 938–947. DOI: 10.1111/j.1365-2672.2006.02932.x
Role of Nasal Staphylococcus aureus Carriage in Transmission Among Contact Athletes
http://dx.doi.org/10.5772/66936
45
[61] Nada T, Yagi T, Ohkura T, Morishita Y, Baba H, Ohta M, Suzuki M. Usefulness of 
phage open-reading frame typing method in an epidemiological study of an outbreak 
of  methicillin-resistant Staphylococcus aureus infections. Jpn J Infect Dis 2009; 62: 386–389. 
http://www.ncbi.nlm.nih.gov/pubmed/19762991
[62] O'Sullivan MV, Kong F, Sintchenko V, Gilbert GL. Rapid identification of methicillin-
resistant Staphylococcus aureus transmission in hospitals by use of phage-derived open 
reading frame typing enhanced by multiplex PCR and reverse line blot assay. J Clin 
Microbiol 2010; 48: 2741–2748. DOI: 10.1128/JCM.02201-09
Frontiers in Staphylococcus Aureus46 aureus
